The biogeographic dynamics affecting the Indian subcontinent, East and Southeast Asia during the Plio-Pleistocene has generated complex biodiversity patterns. We assessed the molecular biogeography of the small Indian civet (Viverricula indica) through mitogenome and cytochrome b + control region sequencing of 89 historical and modern samples to (1) establish a time-calibrated phylogeography across the species' native range and (2) test introduction scenarios to western Indian Ocean islands. Bayesian phylogenetic analyses identified 3 geographic lineages (East Asia, sister-group to Southeast Asia and the Indian subcontinent + northern Indochina) diverging 3.2-2.3 million years ago (Mya), with no clear signature of past demographic expansion. Within Southeast Asia, Balinese populations separated from the rest 2.6-1.3 Mya. Western Indian Ocean populations were assigned to the Indian subcontinent + northern Indochina lineage and had the lowest mitochondrial diversity. Approximate Bayesian computation did not distinguish between single versus multiple introduction scenarios. The early diversification of the small Indian civet was likely shaped by humid periods in the Late Pliocene-Early Pleistocene that created evergreen rainforest barriers, generating areas of intra-specific endemism in the Indian subcontinent, East, and Southeast Asia. Later, Pleistocene dispersals through drier conditions in South and Southeast Asia were likely, giving rise to the species' current natural distribution. Our molecular data supported the delineation of only 4 subspecies in V. indica, including an endemic Balinese lineage. Our study also highlighted the influence of prefirst millennium AD introductions to western Indian Ocean islands, with Indian and/or Arab traders probably introducing the species for its civet oil.
Southeast Asia (SE Asia) mainly holds tropical forests distributed across mainland Asia (Indochinese and Malay Peninsulas) and the Malayan-Indonesian Archipelagos including large islands such as Borneo, Sumatra, and Java. Most studies on SE Asian organisms have focused on identifying faunal turnovers across biogeographic barriers such as the Wallace's Line and the transition zone of the Isthmus of Kra separating, respectively, SE Asian fauna from that of Australia and the Sundaic one from that of Indochina (Woodruff 2003; Bacon et al. 2013) . The current faunal patterns in SE Asia originated from a complex geological history and repeated climatic fluctuations during the Plio-Pleistocene, with the formation of temporary land bridges during periods of low sea level promoting successive vicariance-dispersal events between mainland and major islands (Heaney 1986; Hall 2002) .
Recent phylogeographic analyses have revealed a dynamic history of population replacements and a complex pattern of secondary admixture among Sunda islands throughout the Pleistocene (Frantz et al. 2014; Leonard et al. 2015) . Although range contraction into Pleistocene refugia has been detected in some taxa (Morgan et al. 2011; Lin et al. 2014) , the identification of shared palaeoclimatic events shaping the genetic structure across species remains confounded by the noncontemporaneous origin of lineages across SE Asia (e.g., Leonard et al. 2015) .
Similar to SE Asia, the Indian subcontinent has also been identified as a unique biogeographic region harbouring a high level of endemic radiations (Karanth 2015) , but has generally been treated as separate from the rest of Asia. However, increasing molecular evidence has emerged for 2-way dispersals between the Indian subcontinent and SE Asia via the Assam gateway ("out of India" and "out of Asia" hypotheses) (Datta-Roy and Karanth 2009; Karanth 2015) . Thus, taking into consideration such regional connectivity may help achieving a more exhaustive picture of the biogeographic processes having shaped distribution patterns across Asia.
In order to address the question of subregional connectivity and endemism through tropical Asia, we focused our study on the molecular biogeography of a mammalian Carnivore, the small Indian civet Viverricula indica (É. Geoffroy Saint-Hilaire, 1803). The species is naturally distributed across the "Oriental zone" as delimited by Wallace (1876) , including the Indian subcontinent, southern-but also central-China (including Taiwan), mainland SE Asia and several Sunda islands. The species occupies a wide range of habitats, from semi-evergreen and dry deciduous forests to grasslands and degraded landscapes, and rarely occurs in closed-canopy evergreen forests (Choudhury et al. 2015) . Although at least 10 subspecies of V. indica have been listed (Jennings and Veron 2009 ), intra-specific delimitations remain poorly explored. The species' range in the Sundaic region is irregular, with small Indian civets being absent from Borneo, questionably present in northern Sumatra and surely occurring in Java. The native distribution of V. indica in Bali and the Lesser Sunda islands east of Wallace's Line has also been questioned (Jennings and Veron 2009 ). The species was certainly introduced to western Indian Ocean (WIO) islands, including Socotra, Madagascar, Mayotte, the Comoros, and Mafia [Tanzania] islands, possibly for production and trade of its perineal gland secretion (Jennings and Veron 2009; Choudhury et al. 2015 ; see also Discussion).
Our main objectives were to disentangle the phylogeography of V. indica in its entire native range and to evaluate its possible routes of introduction to the WIO. More specifically, we (1) assessed the emergence of intra-specific V. indica diversity in relation to the biogeographic context of the Oriental zone within a dated phylogeographic framework, (2) undertook an unprecedented revision of the intra-specific taxonomy based on molecular evidence, and (3) tested models of introduction to WIO islands.
Materials and Methods

Biological Sampling
We obtained 89 tissue samples across the native and introduced ranges of V. indica ( Figure 1a ) from road kills, field surveys, and museum specimens (the latter were collected between 1830 and 2001, representing ca. 71% of the samples; Supplementary Table  S1 ). Twenty-five samples were collected from WIO islands (introduced range), including Madagascar, Mayotte, Socotra, and Mafia. We also downloaded 13 sequences from Genbank to achieve full coverage of the species' native range. Two viverrid species (Civettictis civetta and Genetta servalina) were used as outgroups (Supplementary Table S1 ).
DNA Extraction
Genomic DNA was extracted using 2-5 mg of fresh tissues on an epMotion© 5075 TMX automated pipetting system (Eppendorf France, Le Pecq, France), following manufacturers' recommendations. Hair samples were extracted using a CTAB-based protocol (Winnipenninckx et al. 1993) . Museum samples were processed in 2 isolated, ancient DNA-dedicated laboratories. Nine samples from The Natural History Museum (NHM) of London, National Museum of Sri Lanka (NMSL, Colombo), and Muséum National d'Histoire Naturelle (MNHN) of Paris (Supplementary Table S1) were extracted in the ancient DNA lab of the Service de Systématique Moléculaire at MNHN, following Gaubert and Zenatello (2009) . The other museum samples were extracted in isolated facilities dedicated to archival material at Leibniz Institute for Zoo and Wildlife Research (IZW, Berlin, Germany), following Wilting et al. (2011) . Samples with low concentration were doubled using the Qiagen DNeasy Blood & Tissue kit (Hilden, Germany) with overnight lysis and 15 min incubation at 37 °C prior to elution. 398 bp of the cytochrome b gene (cyt b) and the left domain of the control region (CR1), respectively, and following protocols detailed elsewhere Olayemi et al. 2011) . Concerning degraded DNA from museum specimens, specific primer pairs were designed from cyt b and CR1 alignments using the Primer3 web platform (http://primer3.ut.ee/), covering 213 and 378 bp of cyt b and CR1, respectively (Supplementary Table S2 ).
PCR products were sequenced in both directions on either a 3730xl DNA Analyzer at Genoscope (Evry, France) or a A3130xl Genetic Analyzer (both Applied Biosystems) at IZW. Nucleotide sequences were aligned by eye with BioEdit 7.1.3 (Hall 1999) .
Mitogenome Sequencing and Assembly
Seven samples representing the main geographic lineages of V. indica as identified in our cyt b + CR1 phylogenetic analysis (see Results) together with the 2 outgroups were selected for mitogenome sequencing (Supplementary Table S3 ). Library construction for the 3 fresh samples was conducted at ISEM following Tilak et al. (2015) . The libraries were sequenced by shotgun using single-end 100 bp reads on an Illumina HiSeq2000 Analyzer at GATC Biotech (Konstanz, Germany). Libraries from the 6 museum samples were prepared using a modified Illumina paired-end sequencing protocol (Fortes and Paijmans 2015) at IZW. Equimolarly pooled libraries were sequenced on a MiSeq platform (Illumina San Diego, CA) using MiSeq v3 2 × 75 (150-cycle) kit.
Assembly of V. indica and C. civetta sequences employed the reference mitogenome available for V. indica (Genbank accession number NC025 096), which was also included in the phylogenetic analysis. To improve gene annotation, we modified the reference sequence by merging into a single gene the 2 segments that artificially appeared in the control region. Assembly of G. servalina relied on its reference mitogenome (KJ624 980). We used Geneious v. 7.1.5 (Biomatters, Auckland, New Zealand) to confirm annotations and reading frames. Consensus sequences were obtained using highest quality base assignment. To limit the risk of erroneous base attribution, sites with read coverage < 5X were considered ambiguous. Mitochondrial DNA fragments generated by PCR for the same individuals were used to double-check the quality of the mitogenome sequences. Final alignment was performed in Geneious using the MUSCLE algorithm (Edgar 2004 ) with default parameters, and was adjusted by hand in BioEdit. We used Gblocks v 0.91b (http://molevol.cmima.csic.es/castresana/ Gblocks_server.html) to remove ambiguous regions and indels using default settings, eventually retaining 96% of the alignment.
Phylogenetic Analysis and Divergence Time Estimates
To evaluate the robustness of the phylogenetic signal, 6 different datasets were generated following 2 input criteria: (1) with or without outgroups (mitogenomes and cyt b + CR1) and (2) separate versus concatenated genes with different lengths (cyt b and CR1) (Supplementary Table S3 ). Best-fitting models of molecular evolution were selected with jModeltest 2.1.4 (Darriba et al. 2012 ) under the Bayesian information criteria (Keane et al. 2006) .
Phylogenetic analyses were run under a Bayesian Markov chain Monte Carlo (MCMC) approach using BEAST 2.2.1 (Bouckaert et al. 2014) . Tree priors for the cyt b + CR1 and mitogenome analyses were the coalescent constant population and Yule models, respectively. Total chain length was 10 million (M) sampled every 1000 generations. Convergence was checked through 2 independent runs for each analysis.
The concatenated dataset cyt b + CR1 (N = 81) and the mitogenome alignment (N = 9) including outgroups were used to estimate the times to most recent common ancestor (TMRCA) among V. indica lineages. We used the independent, lognormal relaxed clock model to accommodate mean branch rate variation among gene trees. Fossils records attributable to V. indica are scarce, with a single occurrence roughly dated from the Chinese Pleistocene (Pu and Qian 1977) . Therefore, we calibrated our trees using the fossil genus Herpestides (23-25 million of years [Myr] ) as the upper bound for the split between Viverrinae (civets) and Genettinae (genets) (Hunt 2001; Gaubert and Cordeiro-Estrela 2006) . Relying on the divergence time estimates of Gaubert and Cordeiro-Estrela (2006), we set up a normal distribution for the calibration prior at the tree root with mean = 28.5 Myr (mean divergence time between civets and genets) and 2.5-97.5% HPD (highest posterior density) interval = 22.7 Myr (Herpestides from the Early Miocene as upper bound) to 34.3 Myr (divergence time of the Viverridae). Total chain length was 50 M sampled every 5000 generations.
For both uncalibrated and time-calibrated phylogenetic analyses, convergence and stability of parameters were assessed through Tracer 1.6 ). Log and tree files were concatenated using LogCombiner 2.1.3 (Rambaut and Drummond 2014a) with 10% burn-in. Trees were summarized as maximum clade credibility trees using TreeAnnotator 2.2.1 (Rambaut and Drummond 2014b) 
Genetic Diversity and Distances
Genetic diversity within the main geographic lineages of V. indica was calculated for cyt b and CR1 in DnaSP v. 5.10.01 (Librado and Rozas 2009) , including numbers of haplotypes (h) and polymorphic sites (S), haplotype diversity (Hd), nucleotide diversity (π), and average number of nucleotide differences (k). In order to assess haplotype distribution within each geographic lineage, we built a median-joining network from the cyt b + CR1 concatenated dataset in Network v. 4.6.1.3 (http://www.fluxus-engineering.com) with ε fixed to 0 to minimize alternative median networks (Polzin and Daneshmand 2008) .
The concatenated dataset was used to calculate genetic distances among geographic lineages in MEGA v. 6.06 (Tamura et al. 2013 ) using the K2P model (Kimura 1980) , with 1000 bootstrap replications for standard error estimates. For comparison with distance levels observed among other mammals (Bradley and Baker 2001; Baker and Bradley 2006) , we also calculated K2P distances from the short (213 bp) cyt b fragment used to amplify DNA from archival samples.
Demographic History
Cyt b + CR1 were used to perform mismatch analysis (Rogers and Harpending 1992) in the main geographic lineages of V. indica. We assessed the fit of the observed pairwise distributions with Rogers' sudden expansion model (Rogers 1995) by calculating (1) the sum of squared deviations (SSD) between the observed and expected mismatch distributions and (2) the Harpending raggedness index (r) (Harpending 1994) . The significance of SSD and r was assessed with 10 000 parametric bootstrap replicates, as implemented in Arlequin v. 3.5.2 (Excoffier and Lischer 2010) .
The demographic history of V. indica lineages was also investigated using a coalescent Bayesian skyline tree prior (Gill et al. 2013) in BEAST 2 to provide a continuous reconstruction of effective population size through time. Bayesian skyline plots were produced using the clock rate derived from the calibrated phylogeny as described above (2.01%. Myr −1 ), with chain lengths set to 10 M sampled every 1000 generations. Convergence was checked through 2 independent runs for each lineage, and plots were graphically summarized in Tracer.
Introduction Scenarios
We estimated the relative likelihood of 2 alternative scenarios for the introduction of V. indica to WIO islands using approximate Bayesian computation (ABC) as implemented in DIYABC v. 2.1.0 (Cornuet et al. 2014) . Since the introduction of the species is poorly documented but clearly originated from the Indian subcontinent lineage (see Results), we focused on testing 2 demographic scenarios that could be informative on the introduction history of V. indica to WIO islands (i.e., single versus several introductions; see Supplementary Figure S1 ) using the concatenated dataset.
Prior distributions were set to default with the exception of the mutation model fixed to HKY (Hasegawa et al. 1985) . We simulated 6 000 000 datasets for each scenario based on the coalescent model. Principal component analysis (PCA) representation on the summary statistics of the first 10% simulated datasets and the ranking of the summary statistics confirmed that simulated datasets were close to our observed data set (Supplementary Figure S2) . Model checking through posterior predictive distribution simulation showed a good fit with the observed data (Supplementary Figure S2) . The relative posterior probabilities of the 2 scenarios were calculated through direct and logistic regression estimates from the 0.1% of simulated data most closely resembling the observed data. Confidence in scenario choice was assessed by drawing scenario-parameter combinations into posterior distributions (posterior error rate; sample size = 500). The relative posterior probabilities (prior-based error analysis under a given scenario) were also used to calculate type I and II errors for each scenario.
Results
The phylogenetic analyses of the 6 different alignments consistently identified 3 robustly supported lineages within V. indica (Figures 1  and 2, Supplementary Figures S3-S6 ): (1) East Asia (China-including Hong Kong-and Taiwan), (2) Indian subcontinent (India, Sri Lanka) and northern Indochina (northern Myanmar, Thailand, Laos, and Vietnam) and (3) SE Asia (southern Thailand, Laos, Vietnam, and Indonesia). The mitogenome trees supported East Asia as the sister-group of the Indian subcontinent + northern Indochina and SE Asia (Figure 2, Supplementary Figure S3 ). The latter 2 lineages geographically met in north-central Thailand (Phu Khieo Wildlife Sanctuary; Figure 1 ). Within the SE Asian clade, there was a clear, robust dichotomy between Bali and the rest of SE Asia (Figure 1b) . All the populations from WIO islands were assigned to the Indian subcontinent + northern Indochina clade.
TMRCAs for the root of V. indica as estimated from the concatenated (median = 2.3 Myr; 95% HPD interval = 1.3-3.6; Figure 1b ) and mitogenome (median = 3.2 Myr; 95% HPD interval = 2.4-4.0; Figure 2 ) trees ranged from Mid-Pliocene to Early Pleistocene. TMRCA between the Indian subcontinent + northern Indochina and the SE Asian clades obtained from the mitogenome tree was 2.6 Myr (95% HPD interval = 2.0-3.3). TMRCAs for the 3 main geographic lineages based on the cyt b + CR1 tree (i.e., the exhaustive dataset for dating lineages) were inferred within the Pleistocene: 0.5 Myr (0.3-0.9) for East Asia, 0.9 Myr (0.5-1.4) for the Indian subcontinent + northern Indochina and 1.3 Myr (0.6-2.0) for SE Asia. Within SE Asia, TMRCA for the Balinese clade was 0.3 Myr (0.1-0.5) and 0.5-0.7 Myr (0.3-1.2) for its sister-clade.
Nucleotide diversity and number of nucleotide differences were lower in East Asia and the Indian subcontinent + northern Indochina (0.008-0.009/3.95-4.05) than in SE Asia (0.017/9.8). WIO islands had the lowest values (0.004/2.56) compared to native (including island) populations (Table 1) .
Median-joining networks showed low levels of genetic distances among continental versus island haplotypes in both East Asia and the Indian subcontinent + northern Indochina (Figure 3 , Supplementary Appendix S1). In SE Asia, the Balinese haplogroup appeared clearly distinct from the other haplotypes (separated by at least 11 mutations; Figure 3 ). Populations from WIO islands consisted of 4 unrelated haplotypes not observed in the native range of V. indica. Madagascar and Mayotte shared a single haplotype.
Cyt b mean K2P distances among the 3 main geographic lineages ranged between 3.8 and 4.1% (4.1-5.3% for cyt b + CR1; see Table 2 for further details). When separating Bali from SE Asia, mean K2P distances between Bali and the other lineages ranged from 1.1% (with the rest of SE Asia) to 4.3% (with East Asia) (2.7 and 5.5%, respectively, for cyt b + CR1).
Mismatch distributions of pairwise genetic distances within the 3 geographic lineages did not match expected distributions under a sudden expansion model (Supplementary Figure S7) . On the other hand, the nonsignificant values of SSD and r index did not exclude an expansion scenario in any of the 3 lineages. Bayesian skyline plots did not show clear changes in effective population size through time, although some increase of the median value was observed after 0.2 Myr in East Asia and the Indian subcontinent + northern Indochina (Supplementary Figure S8) . ABC did not favor any of the 2 scenarios describing the introduction of V. indica to WIO islands. Relative posterior probabilities were 0.68/0.52 (logistic regression/direct method) for scenario 1 (no bottleneck) versus 0.32/0.48 for scenario 2 (with bottleneck). Posterior error rates were 38.7% when scenario 1 was considered as true (53.2% of the test dataset). They reached 42.9% for scenario 2 (46.8% of the test dataset). Type I and II error rates for scenario 1 were 56.5-55.4% and 28.4-28.7% (direct-logistic approaches), respectively.
Discussion
Molecular Biogeography of the Small Indian Civet across Asia
Our study provides unique insights on the historical processes that have shaped the biogeography of a non-forest-dependent species across Asia in the last million years. In V. indica we found a geographic partition into 3 lineages within the species' native range that seems unique among the phylogeographic patterns generally reported for Asia: (1) East Asia (China, Taiwan), (2) Indian subcontinent (India, Sri Lanka) + northern Indochina (northern Myanmar, central Thailand, northern Laos, and Vietnam), and (3) SE Asia (southern Thailand, Laos and Vietnam, and Indonesia) (Figure 1) . Our results further confirmed that Plio-Pleistocene climatic fluctuations have resulted in heterogeneous delineations of phylogeographic lineages in Asian Carnivores, regardless of habitat specificity and body size (Uphyrkina et al. 2001; Iyengar et al. 2005; Patou et al. 2009; Patou et al. 2010; Wilting et al. 2011; Luo et al. 2014; Veron et al. 2014 ). The Mid-Pliocene-Early Pleistocene divergence among the 3 lineages coincides with the intensification of the Indian summer monsoon, inducing higher precipitations in the Yunnan Plateau (southern China) and south of the Himalayas (Zakir Hossain et al. 2013; Deng et al. 2014) . Given that V. indica is a species generally avoiding humid evergreen forests, it is conceivable that dense rainforest zones (and their cohort of carnivore competitors) acted as biogeographic barriers. The weak signal for Pleistocene demographic expansion (Supplementary Figures S7 and S8 ) did not suggest refuge-like restriction in any of the lineages. Rather, the current natural range of the species may be explained by the existence of 3 "areas of endemism" with less humid climates in East, South, and SE Asia from which migrations took place following drier and more (1) seasonal conditions during the Pleistocene (as illustrated by the eastward spread of the Indian lineage into northern Indochina and the contact zone in Thailand; Figure 1) , concomitant with the spread of Homo erectus (Louys and Turner 2012) . Additional sampling and nuclear DNA sequencing will be necessary for further investigating the exact range limits of the 3 lineages and potential gene flow occurring between the 3 mtDNA lineages across Indochina.
The range and genetic structure of the SE Asian matrilineal lineage of V. indica did not reflect the Sundaic-Indochinese transition zone found in many SE Asian taxa (Woodruff 2010; Dejtaradol et al. 2016) and no lineage boundaries in peninsular SE Asia coincided with the Isthmus of Kra (Figure 1) . Accordingly, we posit that the wide ecological spectrum of the species has induced different responses to palaeoclimatic variations compared to more frequently studied rainforest taxa (de Bruyn et al. 2014) . One of our most striking results is the delineation of an endemic Balinese clade diverging from the rest of SE Asia during the Early to Middle Pleistocene. This is remarkable because (1) Bali was listed as an island where the species could have been introduced (Jennings and Veron 2009 ), (2) Java and the rest of the Sunda Shelf-including Bali-were regularly connected through the Pleistocene ice ages (Voris 2000) , and (3) there is no endemic mammal known from the island (Whitten et al. 1997) . The other islands included in our study showed no signature of endemism (Sri Lanka, Taiwan), or had low genetic divergence with populations from the mainland (Sumatra, Java, Bawean) possibly due to more recent isolation by late interglacial periods of higher sea levels (Louys and Meijaard 2010; Lohman et al. 2011) . We could only find a signature of endemism on Bali at a similar time frame in a nonflying insect (Tänzler et al. 2014) but in this case, dispersal originated from the Lesser Sunda islands (i.e., east of Bali and Wallace's line) where V. indica was supposedly introduced (Heinsohn 2002; Choudhury et al. 2015) . This brings into question the biogeographic determinants associated with the origin of this unique Balinese lineage, and additional sampling east of Bali is needed to circumscribe its exact distribution.
The native status of V. indica on Sumatra has been questioned, since the few records reported might not have been collected locally (Choudhury et al. 2015) . Our study showed that Sumatran samples-including the type specimen of V. i. atchinensis (Sody 1931 )-had private haplotypes, thus supporting their native status on that island (although we cannot totally exclude an unsampled origin outside Sumatra). This is in line with the similar northern restriction of other mammals native to the island (Corbet and Hill 1992) . Given that a few voucher specimens not collected later than the 1930s appear to limit occurrences to the north of Sumatra (Supplementary Table S1 ), the current status of this population may need reappraisal; all the more since V. indica has recently been recorded at wildlife trade markets from neighbouring islands (Java and Bali; Sheperd 2012; Nijman et al. 2014 ) yet being apparently absent from such markets in northern Sumatra (Sheperd 2008) .
Intraspecific Diversity and Revised Taxonomy of V. indica
Our phylogeographic analysis spanning the whole range of V. indica allowed us to reassess its taxonomy as based on molecular data. Since Pocock (1933) , additional evidence for delineating intraspecific diversity has been lacking, although later taxonomic references listed between 10 and 12 subspecies (Corbet and Hill 1992; Wozencraft 2005; Jennings and Veron 2009 ).
On the basis of phylogenetic distinctiveness and genetic distances, we identified 4 distinct clades that correspond to geographic isolations occurring in the Late Pliocene-Middle Pleistocene, namely East Asia, the Indian subcontinent + northern Indochina, SE Asia, and Bali. Cyt b distances among the 4 groups (1.1-4.3%) were within the range of inter-subspecies distances reported in mammals (Baker and Bradley 2006) .
After reviewing available names in the literature, we propose the following provisional taxonomy for V. indica consisting of only 4 subspecies (see below). Our results do not support the higher number of subspecies reported in the synthetic literature, and should be considered a basis for future taxonomic hypothesis testing:
• Viverricula indica indica (É. Geoffroy Saint-Hilaire, 1803 (Sody 1931) . Type locality: Djembrana, SW Bali (4 specimens of a same series including the type were sequenced in this study; Supplementary Table S1 ). Corresponds to the Balinese lineage.
To date, poorly defined criteria have been proposed to justify subspecies boundaries within V. indica, such as hair length and coloration and stripe number on the neck (Sody 1931; Pocock 1933) . Additional molecular-and morphological-based investigations need to be conducted to further test subspecies delimitation and reach an exhaustive revision of the species. Given its restriction to a highly anthropized island, assessing the current conservation status of the endemic Balinese subspecies should be considered a priority.
Introduction of the Small Indian Civet to Western Indian Ocean Islands
Small carnivores have a long history of worldwide introductions (e.g., Hays and Conant 2007) , notably across SE Asian islands (Masuda et al. 2010; Veron et al. 2014) . In India and China, V. indica has been prized since centuries for the "civet oil" (or "civet") extracted from its perineal glands and used in traditional medicine, religious rituals, and the perfume industry (Ding et al. 1988; Balakrishnan and Sreedevi 2007) . Later, European settlers have introduced the species as a biocontrol agent against invasive rats and snakes (e.g., on
Grande Comore; Anonymous 1951) . How this may have impacted the current distribution of V. indica has remained uncertain, notably because a series of potential dispersal routes have superimposed throughout the WIO history (Pearson 2015) . We show that populations from Madagascar, Mayotte, Socotra, and Mafia were introduced from the Indian subcontinent (although northern Indochina cannot be excluded), as confirmed by their inclusion into this lineage and low mitochondrial diversity. This would support the historical writings mentioning the region of Karachi (Pakistan) and Sri Lanka as the sources of small Indian civets traded through marine routes to the Arab world and WIO islands, presumably for their commercially valuable civet oil (Said 1973; Cheke 2010) . This product seems to be first mentioned in Arabic sources ca. 9th century AD, then soon thereafter in Sanskrit (Indian) manuscripts to become a few centuries later a major component of Arab and southern Asian perfumery ("the civetizing process"; Anya 2007). Thus, it is possible that the Arab commercial network-linking from the 7th century AD the Indian subcontinent to WIO islands (Akasoy et al. 2011; Goodman 2012 )-was associated to the introduction of this species. In fact, disentangling the respective roles of Arab versus Indian traders on the globalization of the civet trade is difficult considering available evidence, linguistic inferences included. There is uncertainty surrounding the origin of the Sanskrit name javādi for the civet, which could be either derived from the Arabic name zabād or from a vernacular Indian name (McHugh 2012) . Similarly, the vernacular name jaboady for this species on Madagascar (Walsh 2007; Duckworth et al. 2014 ) and the several names used in Socotra (e.g., zbādīyah, di-mōṣ̌ aṭ, mōšīyo; Morris M, personal communication) have unresolved origins.
We could not identify the exact geographic sources for the WIO island introductions and whether these events happened contemporaneously or at different periods. Nevertheless, the unshared haplotypes found in distantly related islands such as Mafia, Socotra, and Madagascar + Mayotte argued for different source populations. The exception is the unique haplotype shared between Madagascar and Mayotte, which supports a common history of introduction, either contemporaneous or from one island to the other. Conservation, Sri Lanka) for permission to sample museum specimens and to export samples. We thank A. King and J. McHugh for instructive comments on the history of the small Indian civet's trade. Two anonymous reviewers provided valuable comments on the early draft of the manuscript. This is publication ISEM 2016-261 SUD.
Data Availability
In accordance with the Journal of Heredity data archiving policy (Baker 2013) , we have deposited the primary data underlying these analyses as follows:
• DNA sequences: Genbank accessions KX891576-KX891751.
• Sampling details: Supplementary Table S1 and Dryad (doi: http://dx.doi.org/10.5061/dryad.dt177).
